Sealed microsomal membrane vesicles were prepared from leaves of a 250 millimolar NaCI-grown halophyte (Atriplex gmelini C. A. Mey). The vesicles exhibited ATP-dependent proton-transporting activity which was inhibited 60% by NO3-(50 millimolar) but not by vanadate (100 micromolar) and 23% by oligomycin (10 micrograms per milliliter), suggesting that tonoplast-derived vesicles were the major constituents of the preparation. The pH gradient established by the vesicles by ATP in the presence of oligomycin collapsed upon the addition of Na+ salts. The vesicles took up Na+ ions in the presence of ATP and this activity was canceled by gramicidin. These results suggest that Na+ ions were taken up by the vesicles via a Na+-specific uptake system, possibly a Na+/H+ antiport. albumin (Fraction V, Sigma), 10 mM ascorbate, and 20 mm Mes. Medium pH was adjusted to 7.6 with 2 M Tris. Usually, 300 mL of the grinding medium was used for 60 g leaves. The homogenate was filtered through four layers of gauze and centrifuged at 8,000g for 10 min. The supernatant was laid over a 30% (w/v) sucrose cushion prepared in 5 mM BTP'-Mes buffer (pH 8.0) supplemented with 2 mM DTT, and centrifuged at 80,000g for 30 min. Membrane vesicles at the interface of 30% sucrose and 0.3 M sorbitol were collected with a Pasture pipette, diluted 10-fold with 5 mM BTP-Mes buffer (pH 8.0) containing 0.3 M sorbitol and 2 mM DTT, and concentrated by centrifugation (80,000g, 30 min). The resulting pellets were resuspended in the same medium to a concentration of about 1 mg membrane protein per mL, unless otherwise indicated. Protein was determined by the method of Bradford (3).
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Dicotyledonous halophytes accumulate NaCl in their leaves to a considerable extent to achieve an osmotic balance against the low osmotic potential of the rooting medium (4, 9) . Since the metabolic reactions in the leaves of halophytes are as sensitive to salt as those of glycophytes (5, 7), it has been postulated that the salt must be sequestered into the central vacuole. Isolated vacuoles from Atriplex gmelini leaves grown under 250 mm NaCl contain Na+ and Cl-at a concentration of 570 mm and 260 mm, respectively (8) . Consequently, the vacuolar membrane, (tonoplast), may contain an efficient mechanism(s) to sequester Na+ into those organelles. In this communication, we present evidence for the existence of Na+ uptake system in putative tonoplast vesicles isolated from A. gmelini leaves grown under 250 mm NaCl.
MATERIALS AND METHODS

Membrane preparation
Leaves of Atriplex gmelini, grown hydroponically in a greenhouse in the presence of 250 mm NaCl (8) RESULTS AND DISCUSSION Table I shows the characteristics of the ATPase and H+ transport activities of the microsomal membrane fraction.
The membrane fraction was tinged pale green, and the ATPase activity was inhibited to various degrees by No3-, van- adate and oligomycin, indicating that the resulting membrane fraction contained chloroplast, mitochondrial, plasmalemma, and tonoplast membranes (12) . On the other hand, proton transport activities were not inhibited by vanadate but were inhibited by nitrate and oligomycin (Table I ). The sensitivities to oligomycin differed from preparation to preparation (14-32%), while the nitrate sensitivity was constant (60-65%). Since the inhibition of H+ transport by nitrate was always greater than that by oligomycin, the tightly sealed vesicles in the preparation were derived mostly from the tonoplast with some contaminating mitochondrial vesicles. Further purification of the microsomal membranes by sucrose-density gradient centrifugation, according to the method of Poole et al. (11) , eliminated Chl and the oligomycin-sensitive ATPase activity. However, complete separation ofthe nitrate-sensitive activities from the vanadate-sensitive ones could not be achieved. Furthermore, the vesicles lost ATP-dependent proton pumping activity during the purification. Consequently, the crude membrane fraction was used for further studies.
The ATPase activity was stimulated more strongly by NaCl than by KCI, while the H+-transport activities were lower when Na+ was supplied as a Cl salt (Table I ). Stimulation by gramicidin (Sigma) and ammonium salts (Table II) suggested the presence of sealed membrane vesicles in the preparations (12) .
A collapse of the proton gradient across the tonoplast membrane of red beet root by Na+ was reported by Niemietz and Willenbrink (10) , and they suggested the existence of a Na+/H+ antiport in the membrane vesicles. Blumwald and Poole (2) also reported the existence of Na+/H+ antiport in tonoplast vesicles from red beet tap roots. Based on the latter report, we attempted to use the pH-jump method to study the effect of Na+ on the proton gradient in A. gmelini tonoplast vesicles. However, the vesicles would not equilibrate with the lower pH medium after 1 h incubation. Consequently, hexokinase (25 units, Yeast, obtained from Oriental Yeast Co., Tokyo, Japan) and glucose (3 mM) were added to consume ATP immediately after establishing a proton gradient and subsequently Na+ or K+ salt was added to determine its effect on the proton gradient. Restoration of fluorescence was accelerated by addition of Na+ or the proton-conducting agent, gramicidin, but not by K+ (Fig. 1) . The restoration of fluorescence by Na+ was concentration dependent and obeyed Michaelis-Menten kinetics. An apparent Km value for Na+ of 14 mm was calculated (Fig. 2) . When valinomycin (3 iM) was added to avoid the effect of K+ diffusion potential, quinacrine quenching decreased, presumably due to enhanced efflux of H+ caused by K+ influx (Fig. 1) ; however, the apparent K,, for Na+ was not affected (Fig. 2) . Measurements of membrane potential revealed that during the Na+/H+ exchange, dissipation of the potential gradient by application of hexokinase and glucose was not affected by either K+ or Na+ up to 75 mM (date not shown). These results indicate that the exchange of Na+/H+ is electroneutral and that the diffusion potential of Na+ or K+ has no effect on the exchange in the A. gmelini tonoplast. The effect of fluorescence recovery by Na+ and the stimulation of the ATPase activity by Na+ in the sealed vesicles suggest that Na+ is taken up by the membrane vesicles at the expense ofa proton gradient established by H+-ATPase. The vesicles did take up Na+ from the surrounding medium (Fig. 3) . As the osmotic volume of the vesicles was 1.00 ± 0.04 ,L per mg protein (3 replicates) and the carry-over of Na+ in the vesicles was 83.0 ± 22.3 nmol per mg protein (6 replicates), the initial Na+ concentration of the vesicles was 83.0 ± 22.3 mm, and it increased by 33.7 ± 8.2 mm (6 replicates) during the uptake period of 15 min. As the tonoplast vesicles were contaminated with other membranes, as described above, the Na+ concentration in the vesicles engaged in the ATP-dependent Na+ uptake should be higher than these values. The Na+ uptake depended on ATP and was blocked by gramicidin. A slight increase in the Na+ content was detected in the absence of ATP. This may be due to the carryover ofthe H+ gradient established during the membrane preparation.
Diuretics, amiloride (Merk), hydrochlorothiazide (100 m, Sigma) and ethacrynic acid (100 Mm, Sigma), and ouabain (100 Mm) neither interfered with the formation of the H+ gradient nor influenced the Na+ effect on the collapse of the H+ gradient (data not shown). Contrary to the results with red beet tonoplast (2), amiloride up to a concentration of 500 ,uM did not inhibit the H+/Na+ exchange or alter the Km value for Na+ collapsing of the H+ gradient (result not shown).
The transport characteristics of A. gmelini leaf tonoplasts differ from that of red beet tonoplasts as follows: (a) the Km value of the A. gmelini membrane vesicles for Na+ is higher (14 versus 7.5 mM), (b) amiloride did not affect their Na+/H+ exchange, and (c) K+ conductance did not affect the Na+/H+ exchange in the A. gmelini vesicles.
Based on these results, it appears that the tonoplast of A. gmelini takes up Na+ from the cytoplasm into vacuoles through the mediation of a H+-ATPase located in the tonoplast coupled to a Na+/H+ antiport.
